In medicine, cognitive errors form the basis of bias in clinical practice. Several types of bias are common and pervasive, and may lead to inaccurate diagnosis or treatment. Forensic and clinical neurology, even when aided by current technologies, are still dependent on cognitive interpretations, and therefore prone to bias. This article discusses 4 common biases that can lead the clinician astray. They are confirmation bias (selective gathering of and neglect of contradictory evidence); base rate bias (ignoring or misusing prevailing base rate data); hindsight bias (oversimplification of past causation); and good old days bias (the tendency for patients to misremember and exaggerate their preinjury functioning). We briefly describe strategies adopted from the field of psychology that could minimize bias. While debiasing is not easy, reducing such errors requires awareness and acknowledgment of our susceptibility to these cognitive distortions. Neurol Clin Pract 2015;5:389-396 
especially vulnerable to cognitive bias. 4 Our aim is to raise awareness of this subject for clinical neurologists, especially those considering forensic practice. In addition to reviewing typical cognitive errors, we discuss debiasing techniques that might curtail the chances of biased forensic evaluations.
Four common biases
Cognitive bias could occur in any clinical situation. We focus on 4 biases that are common in practice, especially with a forensic emphasis. These are (1) confirmation bias, which includes diagnostic momentum and the allegiance effect; (2) bias ignoring base rates; (3) hindsight bias; and the (4) good old days bias (table), a recently recognized construct. We use the term cognitive bias as the tendency to seek information and form conclusions in certain ways, not as a synonym for prejudice. Our discussion about bias in this article is limited; we do not address bias in research methodologies, Bayesian reasoning, or the intuitive vs analytic systems of thinking. We do not address potential sources of bias arising from ethical conflicts, such as when treating physicians try to be expert witnesses and mix their differing dual responsibilities. Several researchers and ethicists provide in-depth discussion of these and related topics in independent publications. 2, 3, [5] [6] [7] 
Confirmation bias
History is so indifferently rich that a case for almost any conclusion from it can be made by a selection of instances.
-Durant and Durant, 8 The Lessons of History, 1968 This ubiquitous and powerful bias is a common method for one-sided case building. It operates by conscious or unconscious assimilation of evidence that is consistent with our assumptions and rejection of contrary evidence. 1 When gathering diagnostic information, an early focus or selective anchoring on the wrong bit of available evidence may prevent the search for alternative possibilities. This leads to a search primarily for data confirming the early hypothesis and dismissal of equally strong contrary information. 9, 10 Here is a clinical example: A 34-year-old woman reported episodic oral numbness, thick speech, and hand tingling, more on the right. Stressors included financial and marital difficulties. A cousin had a diagnosis of multiple sclerosis (MS). Examination was normal. Brain MRI showed a very small left subcortical T2 hyperintensity. The patient received a course of IV methylprednisolone for a diagnosis of acute MS. Symptoms improved in a week, but recurred 6 months later, along with shortness of breath and inability to speak. Repeat MRI showed no changes. Fearing critical worsening, the patient was transferred by air to a tertiary facility, where revised diagnoses of panic attack, anxiety disorder, and domestic abuse were made. The age, gender, family history, and imaging findings had narrowed the physician's thinking prematurely to a diagnosis of MS, ignoring the stressors and other common symptoms of anxiety. Confirmation bias had misguided the physician. Confirmation bias is not unique to medicine: it appears to be common across scientific disciplines, and particularly within the forensic context. Confirmation bias has been found to operate in such diverse fields as fingerprint analysis, forensic anthropology, and assessment of DNA admixtures. 11 For example, false confessions may be more likely if interrogators presume a subject guilty prior to an interview, then conduct the interview seeking information confirming their hypothesis, while avoiding nonconfirming evidence. In a study of fingerprint analysis, forensic experts tended to develop confirmation bias when told a particular person was the prime suspect. The experts were more likely to seek commonalities between the prints found at the crime scene and those of the most likely suspect, rather than seeking disconfirming evidence. By manipulating this contextual information, 15% of fingerprint experts changed their correct match to an incorrect one. 12 In forensic anthropology, where experts attempt to assess the gender of skeletal remains, anthropologists were strongly influenced by cues (e.g., clothing) that incorrectly suggested the sex of the remains.
Diagnostic momentum A type of confirmation bias that can occur in medical settings is termed diagnostic momentum. 3 This refers to the tendency of a diagnosis to be accepted and passed on, with little examination of the underlying evidence for its validity. Factors that may exacerbate this problem include the clinician's anxiety surrounding diagnostic uncertainty and the time constraints of modern practice. Such momentum impedes the expert's ability to seek out potential alternative sources for the patient's symptoms and explore more beneficial therapeutic strategies, and delays appropriate treatment.
Allegiance bias A subtle form of the confirmation bias that occurs in adversarial forensic settings is the allegiance bias. 13 Experts are susceptible to this bias in any forensic setting that pits one side against another or creates a potential conflict between different experts. It is particularly common in the adversarial legal setting, where experts on each side may receive financial incentives for a favorable opinion. Although studied extensively in forensic psychology, it may occur in any setting where an expert is swayed for financial reasons to implicitly or explicitly express a particular opinion. In a comprehensive study of violence risk assessment, experts were ostensibly retained by one side vs the other and given instructions suggesting they might emphasize information favoring that side to some extent. 13 There was also the implicit promise of possible gain from lucrative future work. In such cases, even on objective measures of future risk, experts differed dramatically during their assessment of potential dangerousness.
Ignoring the base rate
When no specific evidence is given, prior probabilities are properly utilized; when worthless evidence is given, prior probabilities are ignored.
-Tversky and Kahneman, 14 "Judgment under uncertainty: Heuristics and biases," 1974 utility depends on both its sensitivity and the prevalence of the disorder in the population of interest. Applying an expectation based on the prevalence rates of the older population to this young woman will increase the risk of false-positives. Similar results ensue in other high base rate situations, if the clinician is unaware of them. A common example lies in the context of postinjury lumbar pain and diagnostic imaging. 15, 16 The base rate of spinal abnormalities increases considerably with age, yet there is rarely a direct correlation between the abnormalities visible in the image and the clinical presentation (i.e., correlation does not imply causality). If the diagnostician is not wary, it is easy to attribute common age-related findings to forensic causes, and infer an illusory correlation between the two.
Conversely, low base rates can have the effect of biasing the experts toward being too conservative in their detection of disorders. In low base rate settings, experts must carefully examine their expectations. For example, in evaluating x-rays, physicians who were told the base rate of disease was low often missed positive findings. 15, 16 Interestingly, those who had high base rate expectations demonstrated the opposite: more false-positive findings.
The usefulness of many tests depends on clearly specifying beforehand the prevalence of the disease/disorder. As an example, forensic neuropsychologists commonly use symptom validity testing (SVT) to determine if patients are putting forth adequate effort during cognitive testing. These empirically validated tests are essential to ensuring that measures of neuropsychological functioning truly reflect the patient's capabilities. SVT is especially useful in cases where litigation is likely (e.g., mild traumatic brain injury [mTBI] due to a motor vehicle accident) or where medical explanations for symptoms have been elusive. In these instances, performance below chance levels (termed SVT failure) may be an index of symptom exaggeration, somatoform, or functional disorders. Such failure can lead to false-positives in a low base rate population (i.e., motivated patients eager to return to work); however, when patients are seeking compensation or in litigation (i.e., a high base rate population), SVT failure has major diagnostic value. 17 Hindsight bias I always avoid prophesying beforehand because it is much better to prophesy after the event has already taken place.
-Winston Churchill, Quotable Churchill, 1943 18 When we know the outcome of an event, we tend to overestimate or overpredict the likelihood of its occurrence even prior to its development. Our judgment of care rendered by others is subject to such hindsight bias. When giving an expert opinion on an adverse outcome, it is well to remember that knowledge gained through hindsight was a privilege unavailable when our peers cared for a case. Emergency care and forensic evaluations are areas where this error may color judgments if we are providing an opinion on an adverse outcome. 19 When hindsight bias is operating, clinicians may lose sight of the complexities and possibilities that confronted them prior to knowing the outcome. That is, what seems obvious to us today may well have appeared to be just one among a number of equally likely possibilities in the past. Hindsight bias acts to oversimplify our view of the past. If this simplified model of the past is inaccurate, it can in turn lead us to make errors in the future. In forensic medicine, retrospective (hindsight) bias has been studied most extensively in evaluating malpractice claims or personal injury lawsuits. 20 For example, when reviewing medical records for adherence to standard of care, reviewers who were told that the patient had a permanent injury were more likely to believe that malpractice occurred, as opposed to those who were told that the injury was only temporary. 21 As Roese and Vohs 22 note, "Knowledge born of hindsight is appropriate and useful when directed at current actions and future plans, in which it informs ongoing strategy."
Good old days bias
Nothing is more responsible for the Good Old Days than a bad memory.
-Franklin P. Adams, Great Funny Quotes, 1881-1960 23 In our discussion so far, the physician is the active party formulating a hypothesis by selecting and synthesizing all available data. Thus, any bias in this process is largely attributable to the clinician. There is a contrasting situation wherein the patient is mostly responsible for providing a biased history, unwittingly or otherwise. The patient's self-reported symptoms are assumed to be accurate, but this is not always the case. It is common for individuals who have had major illnesses and injuries (e.g., mTBI, pain, and headache) to exaggerate their preinjury wellness and functioning as supranormal compared to healthy, uninjured controls. Gunstad and Suhr 24 termed this the good old days bias. 25 For instance, patients with persistent self-reported axial pain after motor vehicle accidents reported a lack of preinjury symptoms; their report was historically inaccurate. Although a patient attributed pain and several other symptoms to the accident, these symptoms had been noted in the chart prior to the event. 26 The good old days effect is particularly pronounced in patients who fail neuropsychological effort tests (SVTs). This bias not only causes the patient to overestimate the effect of the injury or accident on current functioning, but also alters the subjective information provided to the neurologist in the history. Bias has proven to be quite robust, occurring in mTBI, axial pain, and even in parents who describe the functioning of their injured children. 27 Good old days bias affects litigation in personal injury and Workers' Compensation cases, which involve a comparison between patient's preinjury and postinjury functioning. This bias can exaggerate preinjury functioning levels, thereby increasing the potential postinjury loss. This bias should not be misconstrued as malingering. It may be a relatively normal cognitive reaction to injury. That is, it appears common to view symptoms that are present near the time of the injury as having been caused by the injury, perhaps because the event provides a salient anchor for the patient. The neurologist must be aware of this, especially when evaluating the cause of later disability. It should alert the forensic evaluator to be cautious in accepting patients' characterization of their preinjury functioning, especially in a compensation-seeking context.
Debiasing
Recent descriptive literature suggests that debiasing, although not easy or standardized, is feasible. It starts with an awareness that bias is omnipresent and pervades many aspects of clinical sciences. Recognition and willingness to change are of utmost importance. The first step in bias minimization is an awareness of susceptibility. Some debiasing strategies have been studied, and when consistently utilized, could mitigate bias. 2, 3, 28 Confirmation bias Debiasing strategies that have been studied include considering the opposite, by actively seeking information that counters the initial hypothesis. 11 In addition, it is helpful to review data and form opinions in the absence of outcome information, and not allow referral sources to overframe the case.
Base rate bias Clinicians should acquaint themselves with and examine their assumptions about the base rate of an illness or condition in their population. Gigerenzer and Edwards 29 Good old days bias affects litigation in personal injury and Workers' Compensation cases, which involve a comparison between patient's preinjury and postinjury functioning. encouraged the use of natural frequencies to minimize this bias in diagnostic reasoning (e.g., emphasizing "3 out of 10 patients experience drug's side-effect" rather than stating the patient has "a 30% chance of side effects").
Hindsight bias The real world is complex; in retrospect, we have 20-20 vision. This bias impairs learning, and gives a false sense of confidence. 22, 28 Roese and Vohs 22 state that ". knowledge born of hindsight may involve error when directed at past moments in time, as in evaluating the skill of decision makers who had no crystal ball and so could not possibly have known what is known now." There is a suggestion that in negligence trials bifurcating the defendant's precedent conduct from the plaintiff's resultant injury was effective in reducing hindsight bias. 30 Barriers to widespread adoption of bifurcation are cost and time; however, when formulating opinions, neurologists can strive to decouple and isolate the prior conduct under scrutiny from later consequence.
Good old days bias This bias is a natural reaction of patients to injury or traumatic events. The expert could seek information from before and after the time of the injury. Such prior information sources would include paper, electronic/cyber trails, medical records, employment records, family, friends, and social networks. The evaluator should try to ascertain the objectivity and neutrality of these sources. If such verification is not ethically possible, or access to records denied, the validity of claimed new-onset symptoms becomes uncertain or indeterminate.
CONCLUSION
We present some typical biases that may confront the neurologist conducting forensic evaluations. While not an exhaustive list, this article attempts to illustrate common ways in which the physician (or patient) may be led astray. While many biases originate within the neurologist (i.e., the confirmation, base rate, and hindsight biases), others find their origin in the patient's perception of injury (the good old days bias). Effective debiasing strategies used in some other disciplines can assist the neurologist in examining assumptions and improving clinical decision-making skills.
